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Anomauia. Ilouamxom po36umKy HOHAMMA «CEPEOHE 3HAUEHHA» 88ANCAEMbCA eman, KOau 60HO CMAJlo
yeumpanbHum yieHom besnepepsnoi nponopyii. OOHAK BUSHAYEHHS CEPEOHbO20 3HAUCHHS SIK YEHMPATbHOL
BEIUYUHU NPOSPeCii He 0aE MONCIUBOCHI 8UBECMU 1020 3HAYEHHS NO GIOHOULEHHIO 00 NOCAI008HOCHI N
YIeHI8 He3aNedICHO B0 iX Nopsaoky. 3 02110y Ha ye, Nocmae HeoOXiOHicmb QOPMATLHOZO Y3a2albHEeHHS
CepeoHix 3HaueHb, Wo i 3yMOBIIOE nepexio 6i0 besnepepauux nponopyitl 00 apuhmemuyHoi, 2eomempuy-
HOI' I eapmoHiyHOl npoepecii. YV oanuil yac cepeOHbOMy 3HAYEHHIO HAOAMb CMAMUCIMUYHO20 3HAYEHHS,
nO8'A3YI04U 11020 3 eKOHOMIYHUMU Kamezopiamu. Y mamemamuyi ¢ meopii cepeoHix 3HAYeHb 8UOKPEMIIIO-
FOMbCsl 08a BUOU. BIACHE CepeOHi 3HayeHHs | cepedni apugpmemuuni. Tlpu ybomy xodicen i3 6u0i6 cepeonix
3HAYEHb MOdIce BUCMYNAmu y opmi AK NPOCMO20, MAK i CePeOHbO3BANCEHO20 3HAUEHHS, GUOID MIdNC AKU-
MU 3YMOBTIOEMBCA MAMEPIANLHOI0 NPUPOOOI0 00'€kma 00cnioxcenHs. Dopmyau npocmux cepeoHix 3Ha-
YeHb 3ACMOCO8YIOMbCS 8 MUX 8UNAOKAX, KOIU [HOUBIOVALbHI 3HAUEHHS 8EIUUUH, WO YCePeOHIOIOMbC S, He
NOBMOPIOIOMbCA. AKW0 8 PO3PAXYHKOBUX HOPMYAX CepeoHix 3HAYeHb NPUCYMHI Ne6HA Yacmoma no-
6MOPEHb THOUBIOYANbHUX 3HAYEHb GEIUYUH, MO 8 YbOMY BUNAOKY (YOPMYIU NPOCUX CepPeOHIX HA3u8a-
fomobcesl popmynamu cepednbossadicenux. 3 02110y HaA ye, y cmammi nPOnOHyEMbCsl niOXio 00 onucy ce-
PEOHIX COYIANbHO-eKOHOMIYHUX NOKA3HUKIE Ha npukiadi nokasuuxa «CepeoHs puHKO8a 6apmicmb K.
Mempa JCUMAA» HA PUHKY HEPYXOMOCTI 8 YAGHOMY Pe2iOHi WNAXOM YCepeOHenHs YiH Ha OCHOGI OYIHKU ix
CepeonbO36AIICEHUX 3HAUEHb 051 KOHKDPEemHO20 peciony. B pamxax danoco nioxody idemmugixyemocs
QynKyist po3nooiny eazu 8apmoCcmi HCUMIA K ABMOMOOENbHO20 PillerHsl 8 OupepenyiatbHOMY PIBHAHHI 3
YACMUHHUMU HOXIOHUMU 3 NOYAMKOBUMU | KPATUOBUMU YMOBAMU.

Knrouoei cnosa: ycepeonenns, cepeOHe 3HAUEHHS, ABMOMOOEIbHE PIUEHHS, CePeOHbO3BANCEHE 3HAYEHHS,
cepeOHs 8apmicmb HCUMid.

Abstract. A stage when an average value began to be considered as a central term of a continuous pro-
portion is considered to be the beginning of the development of the «average value» concept. However,
this concept, as the central value of the progression, does not make it possible to derive it in relation to a
sequence of n terms, regardless of the order in which they follow each other. For this purpose, it is neces-
sary to resort to a formal generalization of average values which predetermined the transition from con-
tinuous proportions to progressions — arithmetic, geometric and harmonic. Currently, a statistical value is
given to the average value through its connection to economic categories. In the mathematical theory of
average values, there are distinguished two types of them — average values themselves and arithmetic
average values. At the same time, each type of average values can act either in the form of a simple or
weighted average where the correct choice of the form of the average follows from the material nature of
the object of study. Simple average formulas are used in cases where the individual values of the averaged
feature do not repeat. If the frequency of repetition of individual values of a feature is present in
the calculation formulas of averages, then in this case the formulas of simple averages are called as for-
mulas of weighted averages. With the respect to it, the paper proposes an approach to the description of
average socio-economic indicators, using the example of the indicator «Average market value of a square
meter of housing» in the real estate market in a hypothetical region by averaging prices based on their
weighted average assessment in a particular area. Within the framework of this approach, the distribution
function of the weights of housing costs is identified as a self-similar solution (automodel) of a partial
differential equation with initial and boundary conditions.

Keywords: averaging, mean value, self-similar solution, weighted average, average cost of housing.
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1. Introduction

Averaging is a type of measurement that is considered to be one of the most common operations
in data acquisition. Particularly in technical systems, achieving a required level of accuracy dur-
ing averaging is usually attained through means of multiple measurements, wherein the results of
individual measurements are partially compensated by positive and negative deviations from the
exact value. The accuracy of their mutual compensation improves as the number of measure-
ments increases because the average value of negative deviations modularly approaches the aver-
age value of positive deviations.

However, when considering statistical data samples that have the «historical» status, there
arises an issue. As a rule, such samples characterize the behavior of economic systems over a
certain period of time or represent sets of indicators values reflecting committed phenomena
which, as of now, cannot be measured anew. Nevertheless, it is necessary to be able to properly
analyze and adequately assess this variation of indicators for data acquisition. It should be men-
tioned that even samples reflecting economic processes and/or phenomena in the past, present
and future are important for consideration.

The aim of the work is to suggest a new approach to the process of statistical averaging of
statistical data and to test this approach on the process of pricing in the residential real estate
market.

2. Main indicators of measurement results averaging

One of the most common operations performed in data acquisition and control systems is the av-
eraging of multiple measurements results. Intuitively, it is clear that this process leads to in-
creased accuracy, since the results of individual measurements have both positive and negative
deviations from the exact value and, consequently, they are partially mutually compensated, as it
was mentioned above. In practice, it is important to obtain a quantitative relation between the
number of measurements and an error of the averaged result.

Let us consider some means of measurement, for example, an analogous input measuring
module with the task of measuring and entering values of voltage x into a computer (see Fig. 1).
In general cases, a sensor, a communication line between the sensor and a module, as well as the
module itself, are all affected by electromagnetic interference and noises generated from opera-
tional amplifiers, analog-to-digital converter, resistors, microprocessor part of the module, etc.
These interferences, which influence the measurement object, will not be considered, because
they are not a part of the measurement channel.

These reasons lead to the fact
that the measurement result becomes
a random variable, the value of
which varies from measurement to
—xt measurement. A random quantity X
can be described by a distribution
function with mathematical expecta-
tion M (X)=m, and standard devia-

tion o, which is taken as a random
component of the measuring instru-

' FPix)

Figure 1 — The input module measures a
physical quantity X and outputs a random quantity X
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ment error [1]. The variance of a random variable is as follows!:
D(X)=0". 1)

The actual uncertainty of the measuring instrument is determined by the manufacturer and
is usually specified in the operating documentation. The given error value includes both systemat-
ic and random components. If the random component exceeds 10% of the systematic component,
it is indicated separately. In some cases, the random component is indicated by means of an auto-
correlation function which spots the development of trends over time or influences power spectral
density.

The random component of the given error can be reduced by averaging the results of mul-
tiple measurements. If the systematic component prevails in the error composition, averaging
does not lead to an increase in accuracy. The presence of a random component can be judged
from a scatter presentation of the results of single measurements.

Let us suppose that with the help of the measuring module there are performed N meas-
urements, as a result of which the values x, x,, ..., X,, are obtained. The measurement results are

averaged using the arithmetic mean formula which goes as follows:

Xavr = Z X - 2

However, x,, is also a random variable, because by performing several series of meas-
urements and averaging each of them we will obtain different mean values of x_, for each series.
Despite that, x,, will have less variance (standard deviation) than the measuring device. Accord-

ing to [3, 4], this process can be shown as follows.
Let us assume that the results of measurements X, X,, ..., X, are independent random var-

iables. Then the variance of their arithmetic mean will be

D(X,) = (Z J— [ixk}%ND(xkF%% 3)

k=1 k=1

and from which subsequently follows

considering

Oavr =+ D(Xavr) .

According to [4], the following two properties of the variance operator are used in the der-
ivation of the formula (3):

« the variance of the product of a random variable and a constant is equal to the variance
of the random variable multiplied by the square of the constant;

! The dispersion o is usually understood as the density of the distribution of neighboring elements rela-
tive to some middle X,. According to [2], the dispersion is calculated as a standard deviation of elements

X, (k=1+n) from the center X, by formula o =—Z(xk X,)? .

Nz
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« the variance of the sum of random variables is equal to the sum of variances of each of
them. In addition, it is assumed that all measurements are performed by the same instrument, i.e.,

the variance of all measurements is the same and equal to D(xk) = ox*, and that the random var-
iables are known to be uncorrelated.

3. Averaging in the transfer pricing methodology

As a rule, representatives of tax and antimonopoly services of the state carry out verification of
correctness of prices put out by companies for goods and services sold by them in the cases de-
termined by the law. The legislation of many countries allows such an inspection if the cost of
sold goods and services significantly deviates from the average market price [5]. Furthermore, if
a company's pricing policy turns out to be incorrect, the tax authorities have every reason to
charge additional taxes.

The reason for such actions of the public service lies in the fact that the pricing policy
chosen in private companies significantly affects the amount of many direct and indirect pay-
ments to the budget, since the tax base is the company's revenue as a reflection of the value of
sold products. In particular, if, as a result of the inspection, it is found that the prices differ, for
example, by more than 20% from the prices for similar goods, then it follows that the tax authori-
ties have the right to increase the tax base and impose a penalty. To ensure that the cost of sold
goods and services does not raise questions from the tax authorities, there is used the transfer
pricing methodology, the essence of which is described below.

One of the methods of transfer methodology is the calculation of the arithmetic average of
the products pricing. It requires data on the cost of each of the goods (x.), considered in

the calculation and their quantity (N). In this case, the arithmetic mean formula for determining
the cost of products looks like the aforementioned (1). This formula is used to determine
the average cost of goods and services in certain groups that are identical and/or homogeneous to
it. For instance, goods with almost identical basic characteristics are considered to be identical.
Homogeneous products are products with similar parameters that are made of similar components
and possess the same scope of application.

The arithmetic mean formula (1) is often used to compare pricing within one locality, re-
gion or a period of time. To study the pricing of goods and services to which there can be applied
other indicators, such as different types of outlets and different sales periods, more complex cal-
culations are often utilized. In particular, when studying the average market price, the weighted
average formula is used, as follows [6-8]:

where 1, is the weighted average indicator and 1, is the calculated k -th indicator. Additional-

ly, w, is the weighting coefficient (or, to put it simply, the weight) of the k -th indicator, also

characterizing its distinctiveness and priority in one row with other indicators of the form 1 .

As a rule, the weighted average formula is used when there is data on sales of homogene-
ous products at different prices and in different batches. In addition, this system of calculating
average price indicators of sold goods is used when they are accounted in quantitative terms, such
as kilograms, grams, meters, liters, etc. According to [5, 6], the formula for calculating the
weighted average cost of goods can be described as follows:
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where Q; is the quantity of i-th good sold in natural units (meters, kilograms, liters, etc.), which

in the formula acts as a weighting factor. As can be seen, to calculate the weighted average, first
of all it is necessary to multiply the number of products sold in kind by the cost of a commodity
unit in each countable batch. After that the result is divided by the total amount of products sold
in kind. It must be remembered that the weighted average will not reflect the level of the usual
cost of goods, i.e., it will differ markedly from the arithmetic average calculated by formulas such
as (1).

In the process of pricing heterogeneous products of varying value, the average harmonic
system is usually used. This approach is actually utilized quite rarely and usually only in cases
where the amount purchased from different sellers is the same, while the total amount of pur-
chased products is unknown. If we apply the arithmetic mean method for calculations with the
same amount of input data, the final figure will be higher than the figure found using the harmon-
ic mean. According to [5], the formula for determining the harmonic mean is as follows:

_ 1+1+..+1 N

Xharm_ 1 1 1 - N 1 ! (5)
St Y
X% X, =X

Where x; (j =1+N) is the cost of goods purchased in different outlets.

The harmonic mean is used when the weights of the trait values are the same. Let’s take
the following example. Suppose it is necessary to calculate the average price of two goods P,

bought from two different sellers (as such, N =2) in the same quantity but at different prices:
one buyer for $100, and the other one for $90. At the same time, the sellers have the same
weighting coefficients. It means that they are identical in the buying and selling process, i.e., they
do not have any advantage over one other. Applying the average harmonic method, the average
price of the product is calculated by the formula

p 1+l _ 2 18000
wm T 71 1 90+100 190
100 90 9000

However, if it was necessary to calculate the arithmetic mean, it would actually sum up to $95.

Obviously, to calculate the average harmonic index, the number of analyzed purchases
should be firstly summed up. After that, it is necessary to divide the unit (the number of transac-
tions with one seller) by the price at which the goods are purchased. Then the totals are summed
up. As a result of dividing the total number of sale transactions by the already found amount, the
required value of the average harmonic index is got.

=94,7.

4. The novel approach to achieving the necessary accuracy of averaging

Application of quantitative methods of analysis and processing of relevant information allows us
to obtain the most accurate and adequate assessment of the activity of companies, micro- and
macroeconomic indicators, as well as their future values. Therefore, in contrast to mechanistic
systems, where multiple measurements of a particular indicator are possible, in the case of histor-
ical samples multiple refinements of its averaging are impossible. This is clearly due to the fact
that the samples have been recorded at a moment in the past and are thus unchangeable. Actually,
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these are the prerequisites for the current research which is largely based on the results of the
work [9].

Over the last few centuries, the efforts of many famous scientists, such as Laplace, Euler,
Dalembert, Adamar, etc., formed a universal linear theory of processes in different environments,
in which it is possible to distinguish basic models, reflecting a striking variety of phenomena of
different natures [10]. In particular, these are findings such as the heat conduction equation (re-
flecting the distribution of heat in a limited area), the wave equation (describing, eponymously,
the oscillation of a string) and the Laplace equation [10] (defining the field potential created by a
system of electric charges).

Let us now consider an extended interval [a, b] of length | which covers a set of data,

each of which, in its own way, reflects the required value of the economic indicator | at a particu-
lar point in time. For the subsequent processing of values of such indicators, various methods of
averaging are used in mathematical statistics. However, in this section, there is used another
method.

For each datum from the interval [a, b], the spatial coordinate u (a<u<b or 0<u<l)

should be compared. Suppose that at the initial stage at t =0 the value of the index | can be
reflected by the positive function w(u,0) =w,(u) which determines the initial distribution of
weights between the data u,. There arises the question: how should the distribution of weights
(or the function w(u, t)) change in order to improve the adequacy of the averaging of any indica-

tor 1 ?
Firstly, based on the concept of weights, the desired function must take its values on the

unit segment, i.e., w(u,t") €[0,1]. Secondly, its largest value should be the one which implies
that the average value of u,, has the largest weight. This completes the process of searching for

the function w(u,t”), and, as a consequence, the averaging of the index | can be established by
the following weighted average formula

> w(u,t)-u,
_ =
D w(u,,t7)
k=1

where s is the number of measurements of the index | .

The answer to the stated above question will be searched for in a continuous medium?
which in our case is characterized by continuous functions of spatial and temporal coordinates.
To this end, let us define around the point xe[a,b] a neighborhood with the radius

Au/2:(x—Au/2; x+Au/2). Let w(x, z) be the distribution function of weights at time 7. Af-
ter a small time interval At, this function will be equal to w(x, 7+ At). Evidently, it can change
only due to the difference of the «fluxes» of positive (on the right) D(x+Au/ 2, 7) and negative
(on the left) D(x—Au/ 2, 7) deviations from the value of x, or, precisely:

u

avr

, (6)

W(X, 7+ At) —wW(X, 7) =[D(X+Au/2,7) - D(x—Au/ 2, 7)]At . (7)

In fact, the equation (7) reflects the law of conservation of substances. At an intuitive lev-
el, it is clear that the greater the difference between the weights of the given X changing over a

2 The existing idea of a continuous medium has become the key paradigm of modern natural science
which was based, among other things, on the theory of heat conduction and new mathematical methods
laid down by the French mathematician Fourier.

ISSN 1028-9763. Maremaruuni mamuay 1 cucremu. 2021. Ne 4 51



small-time interval At, the greater the value of the difference between positive and negative de-
viations. This means that it is necessary to find a more adequate averaging of the index | value.
Now let us move to the limit in a continuous medium, i.e., assuming

D@u,t) =[w(u+Au/2, t)—w(u—Au/2, t)/Au], (8)
let us assume that
D(u,t) = MUY (9)
ou

(9) is the definition of the partial derivative with respect to the variable u. (8) and (9) are two
different interpretations of the same thing: (8) in terms of the difference, (9) in terms of the partial
derivative. In other words, (8) and (9) are the same entry, the only difference is that the difference
Au=(Au/2)+(Au/2) in equality (8) is equivalent to ou in equality (9). Note that in (8)
(U+Au/2)—(u—-Au/2)=Au=au.

Substituting expression (8) by the equation (7) and making the limit transition at Au—0
and At — 0, the following partial differential equation is obtained:

ow(u,t) _ o°w(u,t)

10
ot ou’ (10)

with appropriate initial and boundary conditions
w(u,0) = wy(u); w(0,t) =w(l,t)=0. (12)

Equation (10) is analogous to the thermal conductivity equation, describing the transfer of
heat at a single value of the diffusivity coefficient in the right part of the differential equation. In
some sources [11], this coefficient is called the heat transfer coefficient, although the diffusivity
coefficient is calculated as the ratio

a=A/(pc),

where A is the thermal conductivity coefficient, p is the density and c is the heat capacity.

In addition, the equation (10) with the appropriate coefficient in the right part of the dif-
ferential equation is used to describe diffusion of particles, penetration of a magnetic field into
plasma and many other processes likewise.

To solve the problem (10)—(11), it is necessary to set in advance the initial state of the de-
sired function w(u,0) =w,(u). The presence of boundary conditions w(0,t) =w(l,t)=0 means

that on the boundary of the interval [0, I] zero values of weights are maintained. Under initial and

boundary conditions, the computer stepwise solution of the problem (10)—(11) looks as shown in
Fig. 2. The initial  solution
w(u,0) =w,(u) is rather a «narrow»

_§ ; symmetric curve with maximum am-
E | plitude (or vertex) in the point with
£ abscissa — the arithmetic mean of all
% measurements of the considered index
2 which in the context of problem (10)-
3 /\ (11) is the middle of the interval [0, I].
5 y /0 \ Let us trace the evolution of the
= 0 LU, S weight distribution curve. Fig. 2 shows

Fidexvalue ' the profiles (external outlines) of

Figure 2 — Evolution of the indicator weights distribution ~ weight distribution functions at differ-
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ent steps of the iterative (i.e., repeated) search for the desired solution of problem (10)—(11). It
can be seen that the maximum amplitude A of the curve w(u,t) decreases and the width of the

profile L at the level A/2 grows. Thus, based on the stated above reasoning and assuming that the
sum of weights in (6) remains unchanged, it becomes obvious that A-L = const .

According to [10, 12], the desired function that depends on two variables can be found as
a product of two functions, for example, in the form of

w(u,t) = f(u)-g(t), (14)

where in the process of evolution the function f (u) determines a spatial configuration (a solution
form) of w(u,t), and g(t) demonstrates changes in the amplitude of the distribution function of
the indicator weights. Solutions of this kind do not change their forms in the process of evolution
(or stepwise iteration); they are called self-similar, i.e., in this case functions of the formula (14)
play a significant role in the study of nonlinear processes and phenomena®.

Suppose that an automodel solution of problem (10)—(11) is found in (14). Then f(u) is
called an eigenfunction which most closely depends on the boundary conditions. In particular,
according to [10, 12] in the self-similar solution of problem (10)—(11) there is an uncountable
number of functions of the formula

f (u) =sin[zku/l], k=12,....

At the same time, each of them corresponds to a different function of amplitude change
over time

0, (t) = (A-t)-exp[—(zk /1)*-1], k=12, ...,

where A is the value of the maximum amplitude.

5. Pricing in the residential real estate market by identification of the weight distribution
function of the indicator measurements

Let us consider the task of determining the value of the economic indicator «Average market
price per square meter of housing» for a hypothetical region. It is obvious that there is a large
number of both objective and subjective factors that have a significant impact on pricing in this
sector of the economy.

Suppose that in this region the cost per square meter of housing in each of the five periph-
eral districts is $800 and in the central district — $2000. Then, according to the traditional method
of calculation, the average cost per square meter of housing in the region as a whole will be the
arithmetic mean, calculated according to the formula (1), i.e., $1000. It is obvious that this value
does not quite adequately reflect the real state of the average price level per square meter of hous-
ing in the region, because it does not take into account the relative influence of all existing fac-
tors.

To apply the weighted summation formula (6), we identify an indicator of the weight dis-
tribution function corresponding to this problem as a solution of problem (10)—(11). To this end,
let us consider equation (10) on the interval [0, 2050] that covers a statistical sample of data on
the market price per square meter of housing with the following initial and boundary conditions:

w(u,0) = w, (u), w(0,t) = w(2050,t).

% A family of sinusoidal functions, fragments of which are shown in Fig. 3 and Fig. 4, is used in this work
as automodel functions. An automodel function or self-similar solution is a solution to some equation of
two independent variables, in which the independent variables, in our case U and t, do not appear in an
arbitrary way but only in the combination [13].
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We will search for the required function in the form of automodel solution (14) where as
an initial condition at t, =0 we choose the function

w(u, t,) = 7sin[zu / 2050]exp[—(z / 2050)?t,] = 7sin[zu / 2050] .

The computer solution, which is shown in Fig. 3, gave the final solution to the problem at
t =6 in the form of the following weight distribution function:

w(u, 6) =sin[zu / 2050]-exp[—(7r / 2050)> -6] (15)

the largest value of which is 1. In this case the weights in the housing pricing of both types of
neighborhoods will be the corresponding numbers: w(800, 6)=0,9411 and w(2000, 6)=0,0765.

Weight coefficient of housing in the region

Cost per square meter of housing in the region

Figure 3 — Evolution of the weight distribution function of the components of
the indicator «Average market price per square meter of housing» in the region

Calculations of the average price of a square meter of housing, taking into account the
identified weighting distribution function (15) and the criterion of a weighted average assessment
(6), and more precisely

6
> W(uy ,6) -uy
k=1

Uayr = '

6
> W(uy ,6)
k=1

where u, =u, =U, =U, =uy, =800; u, =2000; w(u,,6)=sin[zuk /2050]-exp[—(z /2050)2- 6],
are summarized in Table 1.

It can be assumed that the obtained average for the indicator «Average market price per
square meter of housing» in the form of a weighted average estimate of $819,21 more objectively

reflects the level of housing costs in the region as a whole, rather than the arithmetic average of
$1000.
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Table 1 — Assessment of the indicator «Average market price per square meter of housing» on the
example of a small region

Regional | Amoun Av_erage market . éverag.e price () by\fv(:arir;rllthSdOf
Code price per m? of | Weight | arithmetic mean
areas t housing ($) (1) average
estimate (6)
01 | Central 1 2000 0,0765 2000 2000
02 | Peripheral 5 800 0,9411 4000 4000
Total 6 X X 1000 819,21

Let us adapt this approach for a region with a much larger number of constituent districts.
For this purpose there will be considered a region consisting of 9 districts which differ in their
levels of infrastructure development and living conditions. Table 2 shows the average market
prices per square meter of real estate in these districts. Assuming an initial condition of the prob-
lem (10)—(12) at t,=0 and the function
w(u, t,) = 7sin[zzu / 3550] exp[—(7/3550)2-t,] =7sin[zu/3550] , we got an automodel solution

at the stage t = 6 as the following function (see Fig. 4):
w(u, 6) =sin[zzu / 3550]- exp[-6(~ / 3550)°] .

Calculations of the average price for the whole region, taking into account this function
and the criterion of weighted average assessment (6), are summarized in Table 2.

Table 2 — Assessment of the indicator «Average market price per square meter of housing» on the
example of a medium-sized region

Average market Average price ($) by formula of
Region price per m? of Weight | arithmetic mean weighted average

housing ($) (1) estimate (6)
Central 3500 0,0442 3500 154,82
Region Nel 1500 0,9705 1500 1455,79
Region Ne2 2000 0,9802 2000 1960,47
Region Ne3 1700 0,9978 1700 1696,25
Region Ne4 2300 0,8940 2300 2056,19
Region Ne5 1200 0,8733 1200 1047,96
Region Ne6 800 0,6503 800 520,23
Region Ne7 2800 0,6160 2800 1724,93
Region Ne® 3100 0,3878 3100 1202,14
Sum 18900 6,4142 2100 1842,59

The resulting average for the indicator «Average market price per square meter of hous-
ing» in the larger region as a weighted average estimate of $ 1842,59 is slightly different from the
arithmetic average of $2100. Nevertheless, the results of the previous example incline towards
choosing the weighted average estimate as the most adequate reflection of the «Average market
price per square meter of housing» indicator for the region as a whole.
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Weight coefficient of housing in the region

Figure 4 — Evolution of the weight distribution function of the components of the indicator
«Average market price per square meter of housingy in the region

The resulting average for the indicator «Average market price per square meter of hous-
ing» in the larger region as a weighted average estimate of $ 1842,59 is slightly different from the
arithmetic average of $2100. Nevertheless, the results of the previous example incline towards
choosing the weighted average estimate as the most adequate reflection of the «Average market
price per square meter of housing» indicator for the region as a whole.

6. Conclusions

The averaging method is one of the asymptotic methods for solving the so-called singularly per-
turbed problems. The most important problems studied by the averaging method arise in the theo-
ry of nonlinear oscillations. These fluctuations distinguish the pricing process in the residential
real estate market, both in the primary and secondary markets. Within this paradigm, the article
discusses a method for calculating the average value of a square meter of housing which is based
on the application of a self-similar solution of a partial differential equation with initial and
boundary conditions.
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